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(54) A method of fabricating a zinc oxide based resonator 



(57) A method of fabricating a resonator (40) is dis- 
closed. The method initially comprises the step of pro- 
viding a substrate base (50,65) having a dielectric layer 
(s) (70-105). Thereafter, an adhesive layer (115) is 



formed on the dielectric layer(s), and a nucleation pro- 
moting film (120) is formed over the adhesive layer. A 
zinc oxide layer (125) is subsequently formed over the 
nucleation promoting film, and a top conductive layer 
(1 30) is formed over the layer of zinc oxide. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to resonators, 
generally, and more particularly to a method of fabricat- 
ing a zinc oxide based resonator. 

BACKGROUND OF THE INVENTION 

[0002] With the increasing commercialization of elec- 
tronic devices operating at frequencies of greater than 
500 MHz, such as, for example, personal communica- 
tion service ("PCS") systems, cellular telephones, cord- 
less telephones, pagers, and communication satellites, 
the limitations associated with conventional resonators 
have become increasingly apparent. Traditional resona- 
tors employ a piezoelectric crystal for vibrating at reso- 
nant frequencies, including a fundamental and harmon- 
ics, in response to the application of an alternating elec- 
tric field. The fundamental frequency created by this 
phenomenon is defined by the acoustic velocity (v) of 
the energy transmitted through the film divided by twice 
the thickness of the film. Relying on this relationship, as 
is well known, acoustic reflecting layers may also be 
added to reflect desired frequencies, while suppressing 
unwanted others, such as particular harmonics. 
[0003] The proliferation of wireless networks has in- 
creased research efforts into alternative materials suit- 
able for resonator applications of 400 MHz and greater. 
This drive Is buttressed by the practical limitations in 
manufacturing sufficiently thin crystals from traditional 
materials, such as quartz or ceramics. Given the rela- 
tionship between resonating frequency and thickness, 
the demand for higher and higher frequency resonators 
has in turn led to the examination of alternative thin film 
materials having sufficient strength. 
[0004] Resonators formed from thin film materials typ- 
ically comprise a piezoelectric material, at least one pair 
of electrodes for applying an electric field(s) to the pie- 
zoelectric dielectric, and at least one pair of reflecting 
surfaces for establishing a standing wave. In certain thin 
film based resonator applications, the electrodes are re- 
alized by thin film metal layers which may also serve as 
the reflecting surfaces. For the purposes of the present 
disclosure, thin film based resonators shall refer to both 
bulk acoustic wave ("BAW") devices and surface acous- 
tic wave ("SAW") devices. 

[0005] In a typical resonator, a metal/air interface 
formed by the electrode at the top of the resonator acts 
as the primary source of reflection. Sandwiched be- 
tween the top and bottom electrodes is a piezoelectric 
layer comprising a textured thin film. For the purposes 
of the present disclosure, a textured thin film is defined 
as oriented and atomically ordered, crystalline structure, 
as viewed by X-ray diffraction, which falls in between a 
range of random polycrystalline at one boundary, and 
monocrystal line at the other boundary. Further, an X-ray 



diffraction rocking curve may be used to quantity the de- 
gree of texture. If the resonator is a BAW device, the 
textured piezoelectric layer has a polar direction normal 
to the surface of the resonator substrate. If the resonator 

s is a SAW device, the textured piezoelectric layer may 
have the polar direction either normal or parallel to the 
surface of the resonator substrate. As the bottom me- 
tallic layer is typically formed over a substrate, the res- 
onator may also comprise an air gap acoustic cavity de- 

10 fined within the substrate base. 

[0006] Various materials have been examined in the 
quest for resonator formed from thin films capable of 
precisely handing frequencies above 400 MHz. The 
analysis has primarily focused on two variables, a qual- 

15 ity factor, Q, and an electro-mechanical coupling coeffi- 
cient, K 2 . The quality factor, O, addresses the resonance 
quality of the resonator, while the coupling coefficient, 
fc 2 , speaks to the efficiency of conversion between elec- 
trical and mechanical energy of the resonator. Both O 

20 and fc 2 are inversely proportional to an intrinsic acoustic 
loss introduced by the resonator within its defined oper- 
ating frequency band. See generally Campbell, Surface 
Acoustic Wave Devices and Their Signal Processing 
Applications, Academic Press, Inc., 1989 (hereinafter 

25 "Campbell") hereby incorporated by reference, and 
Rosenbaum, Bulk Acoustic Wave Theory and Device, 
Artech House, 1988 (hereinafter "Rosenbaum"). 
[0007] Of the presently available textured thin films, 
aluminum nitride and zinc oxide have shown promise. 

30 While having certain advantages regarding its potential 
integration with semiconductor devices on a single die, 
aluminum nitride has been observed and is known to 
those skilled in the art as having a smaller coupling co- 
efficient (/c 2 ) than zinc oxide. As the coupling coefficient 

35 (/<2) corresponds with the bandwidth of the resultant res- 
onator, zinc oxide has a distinctive advantage in reso- 
nator applications of greater than 400 MHz. 
[0008] A thin film of zinc oxide has two characteristics 
from which its suitability for resonator applications may 

40 be analyzed. First, zinc oxide may be formed in an amor- 
phous or crystalline structural state. The order, or lack 
thereof, of the zinc oxide atoms within the thin film cor- 
responds to its structural state. As such, when zinc oxide 
is formed as a thin film at a temperature below which 

45 nucleation does not occur, and/or doped, it may com- 
prise an amorphous state. For the purposes of the 
present disclosure, nucleation is defined as the promo- 
tion of crystallization of a textured film, irrespective of 
the structure of the substrate on which it is formed. Like- 

50 wise, zinc oxide exhibits a textured crystalline structure 
when formed with a known heating cycle. As a thin film 
in a resonator, it is an objective to form the zinc oxide 
with the highest possible crystallinity, the highest possi- 
ble orientation, thus yielding the highest value for elec- 

55 tromechanical coupling coefficient, A 2 , as well as the 
lowest possible loss for its utilization as a controllable 
vibrating element. 

[0009] Zinc oxide, moreover, is intrinsically resistive. 
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This characteristic is functionally related to the number 
of defects - vacancies, interstitials and/or stacking faults 
- or the purity of the zinc oxide. Thus, if the zinc oxide 
employed is relatively impure or the number of defects 
high, the resistivity should be relatively low. Likewise, if 
the zinc oxide selected is relatively pure and the number 
of defects low, the resistivity will be relatively high. For 
resonator type applications, it is advantageous to use 
zinc oxide with the highest possible resistivity, and 
therefore utilize a relatively high purity zinc oxide. 
[0010] While thin film zinc oxides have been em- 
ployed in resonators, recognized methods exist for fab- 
ricating zinc oxide thin films which have produced struc- 
tures with limited piezoelectricity, and thereby capped 
crystallinity, orientation and resistivity. These known 
methods have been shown, using X-ray diffraction, to 
have limited rocking curves, intensity, as well as other 
measurable characteristics including additional diffrac- 
tion peaks. 

[0011] As a result, a demands exists for a thin film 
based zinc oxide resonator and a method of making the 
same having greater crystallinity and orientation without 
impacting its resistivity. 

SUMMARY OF THE INVENTION 

[0012] A method of fabricating a resonator is dis- 
closed. According to a first embodiment, the method in- 
itially comprises the step of providing a resonator sub- 
strate base. An adhesive layer is formed over the reso- 
nator substrate base, and thereafter a nucleation pro- 
moting film is formed over the adhesive layer. A zinc ox- 
ide crystalline layer is subsequently formed over the nu- 
cleation promoting film, and a second conductive layer 
is formed over the crystalline layer of zinc oxide. The 
limitations associated with the known methods for fab- 
ricating zinc oxide thin films are overcome by employing 
the nucleation promoting film which promotes nuclea- 
tion of the zinc oxide layer. In a further embodiment of 
the present invention, the nucleation promoting film pro- 
motes the texturing the zinc oxide layer. As such, the 
zinc oxide layer is textured, and has increased crystal- 
linity and orientation, independent of the type substrate 
on which the resonator is formed. 
[0013] According to another embodiment of the 
present invention, a method of fabricating a resonator 
is disclosed. The method initially comprises the step of 
providing a resonator substrate base having an adhe- 
sive layer. Thereafter, a nucleation promoting film of Pt 
is formed over the adhesive layer. A crystalline layer of 
zinc oxide is subsequently reactively sputtered over the 
nucleation promoting film. The nucleation promoting film 
promotes increased crystallinity and orientation in the 
formation of the zinc oxide layer, independent of the type 
substrate on which the resonator is formed. In a further 
embodiment of the present invention, the nucleation 
promoting film promotes the texturing the zinc oxide lay- 
er. A top electrode is then formed over the zinc oxide 



4 

layer. 

[0014] According to another embodiment of the 
present invention, a resonator is disclosed. The resona- 
tor comprises a resonator substrate base and an adhe- 

5 sive layer. A nucleation promoting film is formed over 
the adhesive layer, and a crystalline layer of zinc oxide 
is formed over the conductive, nucleation promoting 
film. The nucleation promoting film promotes increased 
crystallinity and orientation during the formation of the 

10 zinc oxide layer, independent of the type substrate on 
which the resonator is formed. In a further embodiment, 
the nucleation promoting film promotes the texturing the 
zinc oxide layer. The resonator further comprises a top 
electrode over the thin film layer of zinc oxide. 

15 [0015] According to another embodiment of the 
present invention, an electronic device is disclosed em- 
ploying a resonator. The electronic device comprises an 
antenna for receiving or transmitting at least one signal, 
as well as a filter for. filtering the at least one signal. 

20 Moreover, the electronic device comprise an amplifier 
for amplifying the at least one signal and a mixerfor mix- 
ing the at least one signal. The mixer comprises an os- 
cillator having a resonator. The resonator comprises a 
resonator substrate base, an adhesive layer formed 

25 over the resonator substrate base, a nucleation promot- 
ing film over the adhesive layer, a crystalline layer of 
zinc oxide formed over the nucleation promoting film, 
and a top electrode formed over the zinc oxide layer. 
The nucleation promoting film is non-oxidizing, and has, 

30 for example, a <111> orientation with a face centered 
cubic ("fee") structure. Further, the nucleation promoting 
film promotes increased crystallinity and orientation dur- 
ing the formation of the zinc oxide layer. In a further em- 
bodiment, the nucleation promoting film promotes the 

35 texturing the zinc oxide layer. 

[0016] These and other advantages and objects will 
become apparent to those skilled in the art from the fol- 
lowing detailed description read in conjunction with the 
appended claims and the drawings attached hereto. 

40 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 7] The present invention will be better understood 
from reading the following description of non-limiting 
45 embodiments, with reference to the attached drawings, 
wherein below: 

FIG. 1 is a perspective of an embodiment of the 
present invention; 

50 

FIG. 2 is a cross-sectional view of an embodiment 
of the present invention; 

FIGS. 3(a) and 3(b) are cross-sectional views of fur- 
55 ther embodiments of the present invention; 

FIGS. 4(a) and 4(b) are top views of a first and sec- 
ond aspect of the present invention; 
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FIG. 5 is a flow chart according to another embod- 
iment of the present invention; 

FIG. 6 is a graph illustrating resistivity (Q-cm), dif- 
fraction rocking angle (degrees) and temperature 
(°C) characteristics of an embodiment of the 
present invention; and 

FIG. 7 is a block diagram of another embodiment of 
the present invention. 

[0018] It should be emphasized that the drawings of 
the instant application are not to scale but are merely 
schematic representations, and thus are not intended to 
portray the specific parameters or the structural details 
of the invention, which can ' be determined by one of 
skill in the art by examination of the information herein. 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

[0019] Referring to FIGS. 1 and 2, a resonator 40 ac- 
cording to an embodiment of the present invention is il- 
lustrated. Resonator 40 may be a Bulk Acoustic Wave 
("BAW") device. However, a Surface Acoustic Wave 
("SAW") device may also be formed with the inclusion 
of InterDigitalTransducersfiDT"), as will be understood 
from disclosure hereinbelow. 

[0020] Resonator 40 comprises a resonator substrate 
base 50. It should be apparent to one of ordinary skill in 
the art that resonator substrate base 50 may also com* 
prise an air gap acoustic cavity (not shown). Substrate 
base 50 comprises a substrate layer 65. Substrate layer 
65 comprises silicon (Si). In the alternative, however, 
substrate layer 65 may also comprise diamond, quartz, 
silicon carbide (SiC), sapphire (Al 2 0 3 ), gallium arsenide 
(GaAs), as well as other materials apparent to one of 
ordinary skill in the art upon reviewing the present dis- 
closure. 

[0021] Resonator substrate base 50 also comprises 
a stack of dielectric layers formed on substrate layer 65. 
With respect to BAW devices, the stack of dielectric lay- 
ers functionally provides acoustic reflectivity, as well as 
electrically insulating substrate layer 65 from subse- 
quently formed conductive layers detailed hereinbelow. 
It should be noted for SAW resonator applications, sub- 
strate layer 65 should have a higher acoustic velocity 
relative to BAW resonator applications. However, it 
should also be recognized that for SAW applications, 
the stack of dielectric layers are not incorporated over 
the resonator substrate layer 65. Likewise, for BAW res- 
onator applications, substrate layer 65 and the dielectric 
layers formed thereon should have a higher acoustic im- 
pedance in comparison with SAW resonator applica- 
tions. 

[0022] The dielectric stack, in one example, compris- 
es at least one set of alternating amorphous silicon di- 
oxide (a-Si0 2 ) and amorphous aluminum nitride (a-AIN) 



layers. The dielectric stack here may be realized by a 
nine (9) layer stack comprising amorphous silicon diox- 
ide (a-Si0 2 ) layers, 70, 80, 90, and 100, and amorphous 
aluminum nitride (a-AIN) layers 75, 85, 95 and 105 

5 formed respectively thereon, and an uppermost amor- 
phous silicon dioxide (a-S i0 2 ) layer 110 disposed above 
amorphous aluminum nitride (a-AIN) layer 105. It should 
be apparent to one of ordinary skill in the art that alter- 
native arrangements and materials may also be em- 

10 ployed in the above exemplary dielectric stack. There- 
fore, for example, silicon dioxide may be used in place 
of amorphous silicon dioxide (a-Si0 2 ), and likewise, alu- 
minum nitride (AIN) may be substituted for amorphous 
aluminum nitride (a-AIN). 

15 [0023] Resonator 40 further comprises an adhesive 
layer 115 formed on amorphous silicon dioxide (a-Si0 2 ) 
layer 110. Adhesive layer 115 functionally provides ad- 
hesive properties for a subsequent layer formed there- 
on, as detailed hereinbelow. Adhesive layer 115 is con- 

20 tinuous, though the formation of pinholes should not pre- 
clude its use. Adhesive layer 1 15 comprises titanium (Ti) 
or chromium (Cr), though substitutes, such as, for ex- 
ample, zirconium (Zr), halfnium (Hf), vanadium (V), nio- 
bium (Nb), tantalum (Ta), molybdenum (Mo), and tung- 

25 sten (W), as well as certain alloys will become apparent 
to one of ordinary skill upon reviewing the disclosure 
herein. Adhesive layer 115 may be formed by a sputter- 
ing step, as will understood from disclosure below. 
[0024] A bottom electrode 1 20 is formed above adhe- 

30 sive layer 115. Electrode 120 comprises a nucleation 
promoting film for promoting nucleation and crystallinity 
in a subsequently formed textured crystalline layer, as 
will be evident from the disclosure hereinbelow. It should 
be noted that in a further embodiment of the present in- 

35 vention, electrode 120 is also patterned. 

[0025] Bottom electrode 120 comprises platinum (Pt). 
Various non-oxidizing conducting alternatives for pro- 
moting subsequent crystal growth, such as gold (Au), 
rhodium (Rh), palladium (Pd), silver (Ag) and iridium (Ir), 

40 for example, however, may also employed as substi- 
tutes. It is also advantageous for bottom electrode 120 
to be non-oxidizing, have an orientation of <111> face 
centered cubic ("fee") structure, normal to the surface of 
resonator substrate 50. 

45 [0026] Additionally, resonator 40 comprises a tex- 
tured piezoelectric layer 125 having an oriented and 
atomically ordered, crystalline structure with a polar axis 
- o axis for Wurtzite structured materials - normal to the 
surface of resonator substrate 50. Textured piezoelec- 

50 trie layer 125 comprises zinc oxide. Substitutes and al- 
ternative ranges, however, such as, for example, alumi- 
num nitride (AIN), as well as other materials having the 
Wurtzite structure, will become apparent to one of ordi- 
nary skill in the art upon reviewing the disclosure herein. 

55 zinc oxide layer 125 may be formed by a reactive sput- 
tering step, as will understood from disclosure below. 
[0027] Formed above textured piezoelectric layer 1 25 
is a top electrode 130. In another embodiment of the 
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present invention, top electrode 120 is also patterned. 
The pattern associated with top electrode 130 corre- 
sponds to whether resonator 40 is a BAW or SAW de- 
vice. See Campbell and Rosenbaum. Electrode 130 
comprises titanium (Ti) or platinum (Pt), though various 
alternatives having conductive and non-oxidizing prop- 
erties, such as Au and palladium (P), for example, may 
also be employed. In still another embodiment, elec- 
trode 130 comprises an orientation of <111> face cen- 
tered cubic ("fee") structure, normal to the surface of the 
resonator substrate 50. 

[0028] Referring to FIGS. 3(a) and 3(b), a first and 
second alternative arrangement to resonator 40 shown 
in FIGS. 1 and 2 are illustrated. With respect to FIG. 3 
(a), an adhesive layer 135 is formed above resonator 
substrate base 50. Adhesive layer 135 functionally pro- 
vides adhesive properties for a subsequent layer formed 
thereon. Adhesive layer 135 is continuous, though the 
formation of pinholes should not preclude its use. Adhe- 
sive layer 135 comprises titanium (Ti) or chromium (Cr), 
though substitutes, such as, for example, zirconium (Zr), 
halfnium (Hf), vanadium (V), niobium (Nb), tantalum 
(Ta), molybdenum (Mo), and tungsten (W), will become 
apparent to one of ordinary skill upon reviewing the dis- 
closure herein. Formed above adhesive layer 135 is a 
bottom electrode 140 comprising aluminum (A1 ). More- 
over, a textured film 145 of platinum (Pt) for promoting 
nucleation and crystal I in ity in a subsequently formed 
layer is also incorporated above electrode 140. Formed 
upon textured film 1 45 is a piezoelectric crystalline layer 
150 and a top electrode 155. 

[0029] With respect to FIG. 3(b), an adhesive elec- 
trode layer 160 is formed above resonator substrate 
base 50. Adhesive electrode layer 160 comprises tita- 
nium (Ti) or chromium (Cr), though substitutes, such as, 
for example, zirconium (Zr), halfnium (Hf), vanadium 
(V), niobium (Nb), tantalum (Ta), molybdenum (Mo), and 
tungsten (W), will become apparent to one of ordinary 
skill upon reviewing the disclosure herein. Formed 
above adhesive electrode layer 160 is a textured film 
165 for promoting nucleation in a subsequently formed 
layer. Formed upon textured film 165 is a textured pie- 
zoelectric layer 170 and a top electrode 175. 
[0030] Referring to FIGS. 4(a) and 4(b), top views of 
a Surface Acoustic Wave ("SAW 1 ") device 200 and a Bulk 
Acoustic Wave ( n BAW) device 220 are illustrated. SAW 
device 200 comprises a pair of electrode elements 205 
and 210 formed over a resonating element 215. Each 
electrode element, 205 and 210, acting as an InterDig- 
ital Transducer ("IDT"), enables an acoustic wave to 
propagate transversely. In contrast, BAW device 220 
comprises a bottom and a top electrode, 225 and 230, 
and a resonating element (not shown) formed therebe- 
tween, for enabling the propagation of a compressive, 
longitudinal acoustic wave. 

[0031] Referring to FIG. 5, a flow chart of a method of 
fabricating a resonator is illustrated. As noted herein- 
above, the fabricated resonator may be an acoustics 



wave component, such as a BAW or a SAW device. 
Moreover, while the resonator 1 detailed comprises a 
textured piezoelectric layer of zinc oxide, various alter- 
natives will become apparent to one of ordinary skill in 

5 the art upon reviewing the disclosure herein. 

[0032] Initially, the method comprises the step of pro- 
viding (240) a resonator substrate base. The resonator 
substrate base, as detailed hereinabove, comprises a 
number of layers in a stacked configuration. It should be 

10 apparent to one of ordinary skill in the art, however, that 
the resonator substrate base may also comprise an air 
gap acoustic cavity. 

[0033] The resonator substrate base comprises a 
substrate layer. In one embodiment of the present in- 

15 vention, the substrate layer comprises silicon (Si). Var- 
ious substitutes, however, should be apparent to one of 
ordinary skill in the art that resonator including diamond, 
quartz, silicon carbide (SiC), sapphire (Al 2 0 3 ), gallium 
arsenide (GaAs), as well as other materials apparent to 

20 one of ordinary skill in the art upon reviewing the present 
disclosure. 

[0034] The resonator substrate base also comprises 
a stack of dielectric layers. The dielectric stack compris- 
es at least one set of alternating amorphous silicon di- 
ss oxide (a-Si0 2 ) and amorphous aluminum nitride (a-AIN) 
layers. In one example, the dielectric stack comprises a 
nine (9) layers. Here, the dielectric nine (9) layer stack 
comprises four amorphous silicon dioxide (a-Si0 2 ) lay- 
ers, and four amorphous aluminum nitride (a-AIN) lay- 

30 ers, formed respectively thereon, with an uppermost 
amorphous silicon dioxide (a-Si0 2 ) layer disposed 
above the top amorphous aluminum nitride (a-AIN) lay- 
er. It should be apparent to one of ordinary skill in the 
art that alternative arrangements and materials may be 

35 employed for the stacked dielectric layers. Therefore, 
for example, silicon dioxide (Si0 2 ), for example, may be 
used in place of amorphous silicon dioxide (a-Si0 2 ), and 
likewise, aluminum nitride (AIN) may be substituted for 
amorphous aluminum nitride (a-AIN). 

40 [0035] Upon providing the resonator substrate base, 
a pre-clean (250) step is performed. This step is intend- 
ed to clean the uppermost base surface prior to forming 
a layer thereon. The pre-clean step may be executed 
using various known methods, though it is advanta- 

45 geous to clean the substrate in the presence of an argon 
(Ar) and nitrogen (N 2 ) plasma etch. It is also advanta- 
geous to evaluate the cleanliness of the chamber prior 
to executing the pre-clean step by achieving a base 
pressure measure by a vacuum gauge. 

so [0036] Subsequently, an adhesive layer is formed 
over the now cleaned uppermost silicon dioxide layer. 
The adhesive layer functionally provides adhesive prop- 
erties for a subsequent layer formed thereon. The ad- 
hesive layer is continuous, though the formation of pin- 

55 holes should not preclude its use. The adhesive layer 
comprises titanium (Ti) or chromium (Cr), though sub- 
stitutes, such as, for example, zirconium (Zr), halfnium 
(Hf), vanadium (V), niobium (Nb), tantalum (Ta), motyb- 
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denum (Mo), and tungsten (W), as well as certain alloys 
will become apparent to one of ordinary skill upon re- 
viewing the disclosure herein. In one embodiment of the 
present invention, the adhesive layer is formed by a 
sputtering step in the presence of an argon (Ar) plasma. 
This sputtering step is realized, advantageously, using 
various other conditions and parameters, including 
heating the substrate at pressure with a DC power sup- 
ply. It is also advantageous to clean the sputtering target 
prior to forming the adhesive layer. 
[0037] Once the desired thickness for the adhesive 
layer is realized, a nucleation promoting film for promot- 
ing subsequent nucleation and crystallinity is formed 
over the adhesive layer. The textured film functionally 
acts as an electrode, and advantageously comprises 
non-oxidizing, conductive properties. In one embodi- 
ment, the nucleation promoting film acting as the elec- 
trode comprises platinum (Pt), though various non-oxi- 
dizing alternatives, such as Au for example, may also 
be employed. In another embodiment the nucleation 
promoting film has an orientation of <1 1 1 > face centered 
cubic ("fee") structure such that the atomic planes of the 
crystalline structure formed are parallel with the resona- 
tor substrate base to further promote nucleation of the 
subsequently formed textured piezoelectric layer. It 
should be noted that in a further embodiment of the 
present invention, the nucleation promoting film is pat- 
terned. The nucleation promoting film is advantageously 
formed by a sputtering step in the presence of an argon 
(Ar) plasma. This sputtering step is realized using vari- 
ous other conditions and parameters, including heating 
the substrate at pressure and utilizing a DC power sup- 
ply. It is also advantageous to clean the sputtering target 
prior to forming the nucleation promoting film. 
[0038] Thereafter, a textured piezoelectric layer hav- 
ing an oriented and atomically ordered, crystalline struc- 
ture is formed over the nucleation promoting film. In one 
embodiment of the present invention, the textured pie- 
zoelectric layer comprises a zinc oxide thin film is 
formed by a reactive sputtering step in the presence of 
a reactive plasma, such as Ar:0 2 for example. This re- 
active sputtering step is realized using various other 
conditions and parameters, including advantageously 
heating the substrate at pressure while utilizing an RF 
power supply, though a pulsed DC power supply is a 
viable alternative. It is also advantageous to clean the 
sputtering target prior to forming the textured piezoelec- 
tric layer. In another embodiment, the resonator sub- 
strate base, including the adhesive layer and textured 
film forming the first electrode, are rotated while the re- 
active sputtering step is executed. It also should be not- 
ed that while the present invention employs a thin film 
of zinc oxide for the textured piezoelectric layer, substi- 
tutes, such as aluminum nitride (AIN) or cadmium sulfide 
(CdS), as well as other materials having the Wurtzite 
structure, will become apparent to one of ordinary skill 
in the art upon reviewing the disclosure herein. 
[0039] Once the textured piezoelectric layer is 



formed, the second or top electrode is deposited. The 
top electrode may be patterned to form an electrical con- 
tact. The top electrode comprises aluminum (A1). Vari- 
ous alternatives, however, such as Ti or Au, for example, 
5 will become apparent to one of ordinary skill upon re- 
viewing the disclosure herein. Fundamentally, these 
substitutes may be characterized as being conductive, 
adhesive, and/or non-oxidizing. Moreover, the mass 
loading, density and acoustic loss of a selected alterna- 
te tive should also not adversely effect the ability of the tex- 
tured piezoelectric layer to resonate. 

EXAMPLE 

15 [0040] In one experiment, a resonator was formed 
having a fundamental frequency of approximately 3.5 
GHz. To that end, the resonator substrate base em- 
ployed had a silicon (Si) substrate base, with each of 
the subsequent five amorphous silicon dioxide layers 

20 and four amorphous aluminum nitride layers having ap- 
proximate thicknesses of 4300Aand 7600A, respective- 
ly. The adhesive layer of titanium (Ti) formed above the 
uppermost amorphous silicon dioxide layers had a thick- 
ness of approximately 1 00A, while both the nucleation 

25 promoting film of Pt and the top electrode each had a 
thickness of approximately 1 000A. The zinc oxide layer, 
sandwiched between the nucleation promoting film of Pt 
and the top electrode, had a thickness of approximately 
0.72 \im. 

30 [0041 ] In this experiment, the pre-clean step included 
first cleaning the chamber at a base pressure of approx- 
imately 9x1 0' 8 Torr, and then heating the substrate to 
approximately 200°C in an atmosphere of argon (Ar) 
and nitrogen (N 2 ) in a plasma discharge having ratio of 

35 3:2, with a pressure of approximately 10 mTorr. There- 
after, a sputtering step was performed to fabricate the 
titanium (Ti) adhesive layer. The sputtering target was 
first pre-sputtered for approximately 30 seconds, and 
then the titanium (Ti) sputtered over the uppermost 

40 amorphous silicon dioxide layer to form a titanium (Ti) 
layer. This sputtering step was executed while heating 
the substrate to approximately 200°C at a pressure of 
approximately 6 mTorr, with the sputtering tool powered 
by a 3kW DC power supply. Subsequently, the textured 

45 platinum (Pt) thin film was formed, after sputtering target 
was pre-sputtered for approximately 30 seconds. The 
sputtering of the platinum (Pt) thin film was executed 
while heating the substrate to approximately 200°C at 
a pressure of approximately 1 0 mTorr, with the sputter- 

so ing tool powered by a 3kW DC power supply. 

[0042] With respect to the zinc oxide thin film, a radio 
frequency ("RF") planar magnetron sputtering tool, the 
AN ELVA SPF-332H was used to form the zinc oxide film. 
The tool consisted of a cryogenic vacuum pump for re- 

55 alizing a base pressure less than 5 x 1 0" 7 Torr, and an 
RF power supply at a frequency of 13.56 MHz with a 
matching unit. The RF power supply also had a 2.0 kV 
plate voltage and 91 mA plate current, incident power 
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of 120W, and reflected power of 75. W. The tool further 
employed a 3 Inch diameter coaxial planar magnetron 
under the target holder, and Ar and 0 2 gas inlet, as well 
as quartz lamps for heating the substrate. The zinc tar- 
get was 3 inches diameter, 0.125 inches thick, spaced 
9.5 cm from the substrate, and was 3 mm from a 2.5 
inch target aperture. 

[0043] The zinc target was obtained from Pure Tech 
having a purity of 99.995%. The Zn target was reactively 
sputtered in an An0 2 plasma at a 1 :1 ratio, discharging 
at 5 seem flow rates for each gas with varying chamber 
pressures. A 4 inch main butterfly valve was incorporat- 
ed to control the total pressure in the system during the 
deposition step. High purity gases, such as Ar and 0 2 , 
were premixed and introduced into the system. The flow 
rates were adjusted by manual leak valves, and meas- 
ured using flowmeters obtained from Matheson. The to- 
tal working pressure in the system was measured with 
a MKS Baratron capacitance gauge. 
[0044] Prior to depositing the zinc oxide onto the sub- 
strate, the target was presputtered for 1 0 minutes. Dur- 
ing this period, a shutter was present to prevent zinc 
oxide deposition onto the substrate. After presputtering, 
the shutter was removed, and the plasma impedance 
changed accordingly. As a result, the RF power source 
was retuned using the accompanying matching unit to 
optimize the sputtering process step. For the realized 
thickness of approximately 0.72 |im, the zinc oxide thin 
film had a total sputtering time of approximately 2 hours 
and a sputtering rate of 64 A/minute. 
[0045] During sputtering, the substrates were placed 
parallel to the target surface in asputter-down geometry. 
The substrates were either intentionally heated with the 
incorporated quartz lamps to temperatures varying from 
200°C to 700°C, or to a temperature between 45°C and 
65° C due to the energetic particle bombardment. The 
substrate temperature was measured by a thermocou- 
ple situated below and in contact with the substrate. 
[0046] Referring to FIG. 6, a graph depicting the con- 
trast between the resistivity and the full width at half 
maximum of the diffraction angle, ©, commonly referred 
to as "rocking curve," of a zinc oxide thin film formed 
over a textured film of Pt, as a function of substrate tem- 
perature is illustrated. This graph depicts the results of 
the example detailed hereinabove. Ideally, the resona- 
tor should have a maximized resistivity and a minimized 
rocking curve. From the graph, formulated utilizing x-ray 
diffraction, a heating step of approximately 600°C to 
650°C during the formation of the zinc oxide thin film 
appears advantageous. 

[0047] Referring to FIG. 7, a block diagram of a radio 
frequency ("RF") device 300 is illustrated according to 
another embodiment of the present i nvention. R F device 
300 depicts an application of the present invention. As 
will be apparent to one of ordinary skill upon reviewing 
the disclosure herein, RF device 300 may be realized 
by a personal communication services ("PCS") device, 
a cellular phone, a pager, a communications satellite, 



as well as other transmitter and/or receiver applications 
and other electronic devices requiring a resonator. 
[0048] RF device 300 comprises an antenna 305 for 
receiving or transmitting a signal from a diplexer 310. In 

5 an alternative embodiment, diplexer 31 0 is coupled with 
a transmitter (not shown). Diplexer 310 passes the sig- 
nal to a filter 315 for filtering and generating a resultant 
band limited signal. The band limited signal is then am- 
plified by amplifier 320, and filtered by filter 325 to gen- 

io erate a further band limited signal. The twice band lim- 
ited signal is thereafter passed into a mixer 330. Mixer 
330 mixes the twice band limited signal with a local os- 
cillator signal generated by a local oscillator 340 and fil- 
tered by a band limited filter 335. The resultant mixed 

15 output signal is then passed through a band limited filter 
345 to remove the local oscillator signal. As a result, an 
intermediate frequency ("IF") output 350 is generated 
as an output of filter 345 which is passed along to an IF 
receiver component (not shown) for subsequent 

20 processing. 

[0049] In the present embodiment, local oscillator 340 
comprises a resonator formed from a thin film. As de- 
tailed hereinabove, the thin film based resonator has a 
stacked configuration comprising a resonator substrate 

25 base, a bottom electrode, and adhesive layer, a nucle- 
ation film, a reactively sputtered thin film based textured 
piezoelectric layer, and a top electrode. The reactively 
sputtered textured piezoelectric layer in one embodi- 
ment comprises zinc oxide, though alternatives will be- 
so come apparent to one of ordinary skill upon reviewing 
the disclosure herein. It should also be apparent to one 
of ordinary skill that filters 315, 325, 335 and 345 may 
also be realized by resonator filters. 
[0050] While the particular invention has been de- 

35 scribed with reference to illustrative embodiments, this 
description is not meant to be construed in a limiting 
sense. It is understood that although the present inven- 
tion has been described, various modifications of the il- 
lustrative embodiments, as well as additional embodi- 

40 ments of the invention, will be apparent to one of ordi- 
nary skill in the art upon reference to this description 
without departing from the spirit of the invention, as re- 
cited in the claims appended hereto. Thus, while a res- 
onator and a method of fabricating a resonator are dis- 

45 closed, it should be apparent to one of ordinary skill that 
the present invention may also be applied as a filter, 
such as a band limited filter, as well as other devices 
relying on the transducer phenomenon of the resonator 
which converts electrical energy to mechanical vibra- 

50 tions as well as converting mechanical vibrations to 
electrical energy. Moreover, the structure and method 
for fabricating the textured zinc oxide film utilizing the 
nucleation promoting film may have additional applica- 
tions beyond resonators or the like that will become ap- 

55 parent to one of ordinary skill upon reviewing the instant 
disclosure. It is therefore contemplated that the append- 
ed claims will cover any such modifications or embodi- 
ments as fall within the true scope of the invention. 
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Claims 

1 . A method of fabricating a resonator comprising the 
steps of: 

providing a substrate base; 

forming an adhesive layer over the substrate 
base; 

forming a nucleation promoting film over the ad- 
hesive layer, the nucleation promoting film be- 
ing non-oxidizing; 

forming a crystalline layer of zinc oxide over the 
nucleation promoting film; and 

forming a conductive layer over the crystalline 
layer of zinc oxide. 

2. The invention of claim 1 , wherein the substrate base 
comprises an air gap. 

3. The invention of claim 1, wherein the nucleation 
promoting film comprises Pt. 

4. The invention of claim 1 , wherein the adhesive layer 
comprises at least one Ti and Cr formed by a sput- 
tering step employing an Ar plasma. 

5. The invention of claim 1 , wherein the step of forming 
a nucleation promoting film comprises the step of 
sputtering Pt with an Ar plasma. 

6. The invention of claim 1 , wherein step of forming a 
crystalline layer of zinc oxide comprises the step of 
a reactive sputtering employing a plasma compris- 
ing Ar and 0 2 . 

7. A method of fabricating a resonator comprising the 
steps of: 

providing a resonator substrate base; 

forming an adhesive layer over the resonator 
substrate base; 

forming a nucleation promoting film of Pt over 
the adhesive layer; 

reactively sputtering a piezoelectric layer of 
zinc oxide over the nucleation promoting film of 
Pt; and 

forming a top electrode over the zinc oxide lay- 
er. 

8. The invention of claim 7, wherein the substrate base 



comprises an air gap. 

9. The invention of claim 7, wherein the adhesive layer 
comprises at least one Ti and Cr formed by a sput- 

5 tering step employing an Ar plasma. 

1 0. The invention of claim 7, wherein the step of forming 
a nucleation promoting film of Pt comprises a sput- 
tering step employing an Ar plasma. 

10 

11. The invention of claim 7, wherein the step of reac- 
tively sputtering a layer of zinc oxide employs a 
plasma comprises Ar and 0 2 . 

15 12. The invention of claim 7, wherein the step of reac- 
tively sputtering a layer of zinc oxide is realized 
while rotating the substrate base. 

13. A resonator comprising: 

20 

a resonator substrate base; 

an adhesive layer formed over the resonator 
substrate base; 

25 

a nucleation promoting film formed over the ad- 
hesive layer, the nucleation promoting film 
comprising Pt; 

30 a crystalline layer of zinc oxide formed over the 

nucleation promoting film; and 

a top electrode formed over the crystalline layer 
of zinc oxide. 

35 

14. The invention of claim 13, wherein the resonator 
substrate base comprises an air gap. 

15. The invention of claim 13, wherein the adhesive lay- 
40 er comprises at least one Ti and Cr. 

16. The invention of claim 13, wherein the nucleation 
promoting film comprises Pt. 

45 17. A textured crystalline structure comprising: 

a textured zinc oxide layer; and 

a nucleation promoting film for promoting the 
so formation of the textured zinc oxide layer, the 

nucleation promoting film comprising Pt. 

18. The textured crystalline structure of claim 17, 
wherein the nucleation promoting film comprises a 

55 <111> orientation. 

19. An electronic device comprising: 
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an antenna for at least one of receiving and 
transmitting at least one signal; 

a filter for filtering the at least one signal; 

5 

an amplifier for amplifying the at least one sig- 
nal; and 

a mixer having an oscillator for mixing the at 
least one signal, the oscillator having a resona- 10 
tor comprising: 

a resonator substrate base; 

an adhesive layer formed over the resona- '5 
tor substrate base; 

a nucleation promoting film formed over 
the adhesive layer, the nucleation promot- 
ing film comprises Pt; 20 

a crystal iine layer of zinc oxide formed over 
the nucleation promoting film; and 

a top electrode formed over the crystalline 25 
layer of zinc oxide. 

20. The electronic device of claim 19, wherein the nu- 
cleation promoting film comprises a <1 11 > orienta- 
tion. 30 
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